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Description

Technical Field

[0001] The present invention pertains to a tantalum or tungsten target-copper alloy backing plate assembly capable
of enduring high power sputtering, and to a production method therefor. Moreover, tantalum or tungsten as described
in this specification shall include alloy targets having such components as the principal components.

Background Art

[0002] Diffusion bonding is an effective method as a bonding method of a sputtering target and backing plate capable
of surviving high power sputtering, and the present applicants presented in Japanese Patent Laid-Open Publication
No. H6-108246 a solid phase diffusion bond target assembly in which an insert material is inserted between the target
and backing plate, and a production method thereof. The sputtering target assembly produced with this solid phase
diffusion bonding has superior adhesiveness and strength.
[0003] Nevertheless, the sputtering target itself is being enlarged pursuant to the enlargement of the wafer aperture
in recent years, and, in particular, the deformation after the diffusion bonding is becoming a serious problem in a case
where the thermal expansion coefficients of the target material and the backing plate material differ greatly.
[0004] When the thermal expansion coefficient of the sputtering target is smaller in comparison to the backing plate
(this is often the case in a target-backing plate assembly structure), with the target on top and the backing plate on
bottom, such sputtering target will curve convexly upward when it is cooled from the temperature of the diffusion bonding
to room temperature, and, when the diffusion bonding strength is weak, there are cases where such sputtering target
will separate from the outer periphery of the bonding boundary.
[0005] Moreover, even if it did not separate, the amount of curvature would become large, and, in order to prescribe
the thickness of the target, it is necessary to process (cut) the convex portion of a target previously thickened for the
amount of curvature or to correct the curve at room temperature after the diffusion bonding. This would cause a problem
of increasing the work process and ultimately increasing the cost.
[0006] In particular, with targets prepared with the powder metallurgical production method such as with tungsten,
there would even be incidents where the target would crack if the amount of curve is too large.
[0007] As case examples having this kind of problem, it has been confirmed that this problem occurs frequently when
tantalum or tungsten is used as the target material and aluminum or aluminum alloy is used as the backing plate.
[0008] Further, there were even cases where the coolant would leak as a result of the backing plate deforming due
to the thermal influence of high power sputtering.
[0009] For example, upon diffusion bonding a tantalum target having a φ of 350 mm and a thickness of 10 mm with
an aluminum alloy (A5052) backing plate in a vacuum, at 500° C and bearing of 15 kgf/mm2, the amount of curvature
varied between 4 mm to 7 mm per lot, and in some cases the bonding boundary had separated.
[0010] And, upon processing a bonded assembly having a curvature of 4 mm into a shape of a target and performing
sputtering thereto at a sputtering power of 20 KW, the target deformed and an accident of water leakage was observed.

Disclosure of the Invention

[0011] An object of the present invention is to provide a tantalum or tungsten target-backing plate assembly which
suffers only a small deformation after the diffusion bonding even when the target material and the backing plate differ
greatly in the thermal expansion coefficient, is free from separation between the target and the backing plate or from
cracking, and capable of surviving high power sputtering; and a production method therefor.
[0012] Thus, upon conducting an intense study in relation to the production of a tantalum or tungsten target diffusion
bonded with a backing plate capable of surviving high power sputtering and having a minimal amount of curvature after
the diffusion bonding, the present inventors have discovered that it is extremely effective to use copper alloy, which
has a smaller thermal expansion coefficient than aluminum alloy, which is hard and difficult to deform, and which has
favorable thermal conductivity, as the backing plate, and to use an aluminum- or aluminum alloy-sheet having a certain
degree of thickness as the insert material. Based on the foregoing discovery, the present invention provides:

1. A tantalum or tungsten target-copper alloy backing plate assembly characterized in that a tantalum or tungsten
target and a copper chrome alloy or copper zinc alloy backing plate are subject to diffusion bonding via an alumi-
num- or aluminum alloy-sheet insert material having a thickness between 2.0 mm or more and 6.0 mm or less,
and which is provided with diffusion bonded interfaces between the respective materials, wherein the amount of
curvature after the bonding is 3 mm or less; and
2. A production method of a tantalum or tungsten target-copper alloy backing plate assembly, characterized in that
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a tantalum or tungsten target and a copper chrome alloy or copper zinc alloy backing plate are subject to diffusion
bonding via an aluminum- or aluminum alloy-sheet insert material having a thickness between 2.0 mm or more
and 6.0 mm or less in a vacuum, at a temperature between 400° C and 548° C, and under a pressure condition
of 15 to 20 kg/mm2, wherein the amount of curvature after the bonding is 3 mm or less.

Brief Description of the Drawings

[0013]

Fig. 1 is a schematic diagram of the assembly of the sputtering target, insert material and backing plate, and Fig.
2 is an explanatory diagram of the amount of curvature after the diffusion bonding.

Best Mode for Carrying Out the Invention

[0014] The present invention employs a copper alloy backing plate as the backing plate. Copper chrome alloy or
copper zinc alloy, which has a smaller thermal expansion coefficient than aluminum alloy, which is hard and difficult to
deform, and which has favorable thermal conductivity, is used as this copper alloy backing plate material.
[0015] An aluminum- or aluminum alloy-sheet having a thickness between 2.0 mm or more and 6.0 mm or less is
used as the insert material. As described above, the reason it is necessary for the insert material to have a thickness
of 2.0 mm or more is because it will thereby be sufficiently soft at the temperature during the diffusion bonding, atoms
can be dispersed easily since an active new face will appear due to the destruction of the surface oxide film when
viewed microscopically, and the stress generated with the difference in the thermal expansion coefficient between the
sputtering target and backing plate when cooled to room temperature after the diffusion bonding can be alleviated.
[0016] Conventionally, it has been said that it is better for the insert material to be thinner from the aspect of bonding
strength and the like upon performing such diffusion bonding. The present invention, however, changes this conven-
tional concept significantly.
[0017] When an insert material is not inserted, for example, the Vickers hardness of the tantalum target material is
109, and, on the other hand, the Vickers hardness of a copper chrome alloy backing plate is 135. Since both have a
similar hardness, the destruction of the surface oxide film does not occur easily when viewed microscopically.
[0018] Therefore, since an active new face will not appear, it has become known that a phenomenon occurs where
diffusion bonding becomes difficult. Moreover, it has also become known that when the insert material is thin, this is
ineffective since the function of the insert material will decrease.
[0019] Due to the foregoing circumstances, for the production of a tantalum or tungsten target-copper alloy backing
plate assembly, it is essential that an aluminum- or aluminum alloy sheet having a thickness between 2.0 mm or more
and 6.0 mm or less be used as the insert material.
[0020] For the production of a tantalum or tungsten target-copper alloy backing plate assembly, such assembly may
be produced by inserting an aluminum- or aluminum alloy-sheet having a thickness between 2.0 mm or more and 6.0
mm or less as the insert material between a tantalum or tungsten target and the copper alloy backing plate, and to
diffusion bond this in a vacuum, at a temperature between 400° C and 548° C, and under a pressure of 15 to 20 kg/mm2.
[0021] Thereby, a solid phase diffusion bond is formed between the tantalum or tungsten target and the aluminum
or aluminum alloy, and between the copper alloy backing plate and the aluminum or aluminum alloy, and a bonded
body superior in adhesiveness and bonding strength can be obtained thereby.
[0022] Sufficient bonding strength cannot be obtained when the temperature is less than 400° C. Moreover, when
the temperature exceeds 548° C, this is not preferable since the eutectic temperature of the aluminum and copper will
be exceeded and a liquid phase may leak as a result thereof.
[0023] Further, when the temperature exceeds 500° C, a reactive layer of several µm is formed on the boundary of
the aluminum and copper, and, since such reactive layer is a hard intermetallic compound, this may not be formed too
thick. Thus, it is necessary to conduct the diffusion bonding within the foregoing temperature range.
[0024] Moreover, in consideration of the sputtering target, the shape of the target and backing plate is determined,
and, if the thickness of the insert material is thick, the thickness of the backing plate must be made thin relative thereto.
Nevertheless, since there is a limit in making the thickness of the backing plate thin from the perspective of strength,
it is desirable that the maximum thickness of the insert material of an aluminum- or aluminum alloy-sheet be 1/2 of the
thickness of the backing plate in consideration of the above.

Examples

[0025] Next, the examples and comparative examples of the present invention will be explained. Further, these Ex-
amples are merely illustrative, and the present invention shall in no way be limited thereby. In other words, the present
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invention shall include all other modes or modifications other than these Examples within the scope of the technical
spirit of this invention.

Example 1

[0026] A tantalum target having a diameter φ of 350 mm and a thickness of 10 mm was prepared through machine
work. A copper chrome alloy was used as the backing plate.
[0027] Pure aluminum (A-1050) sheets respectively 2.0 mm and 6.0 mm were used as the insert material, and the
thickness of the backing plate was made to be 19 mm when added with the thickness of the insert material.
[0028] The boundary face where the target, insert material and backing plate are to be diffusion bonded was subject
to ultrasonic cleansing with acetone as the solvent, and thereafter sufficiently cleansed with isopropyl alcohol.
[0029] The assembly of the above was vacuum-sealed (degree of vacuum was 0.1 torr or less) in an iron container,
and subject to diffusion bonding with hot isostatic pressing (HIP) at 500° C x 4hr under a pressure of 15 kg/mm2.
[0030] The iron container was removed with machine work after the bonding. The amount of curvature was measured
with a thickness gauge with the tantalum target placed on top. Fig. 2 shows the explanatory diagram of the amount of
curvature after the diffusion bonding.

Comparative Example 1

[0031] With a method similar to Example 1, an aluminum insert material was inserted between the tantalum target
and the copper chrome alloy backing plate, and the thickness was made to be 0.3 mm and 0.4 mm.
[0032] Moreover, a nickel sheet and a silver sheet having a thickness of 2 mm were also used as other insert materials
and subject to diffusion bonding. The iron container was removed with machine work after the bonding. The amount
of curvature was measured with a thickness gauge with the tantalum target placed on top. Further, the condition of the
separation between the tantalum target and aluminum insert material was also observed.
[0033] The results of Example 1 and Comparative Example 1 are shown in Table 1.

[0034] The separation indicated in the Table refers to the separation at the bonding boundary of the tantalum target
and the insert material. A1050 material of the JIS standard was used as the pure aluminum.
[0035] As shown in the Example of foregoing Table 1, when pure aluminum sheets of 2.0 mm and 6.0 mm were used
as the insert material, which are within the range of the present invention, the amount of curvature was 2.5 mm and
1.7 mm, respectively, and both showed a minimal amount of curvature of less than 3 mm. Further, this amount of
curvature showed a tendency of decreasing pursuant to the increase in the thickness of the aluminum sheet.
[0036] Contrarily, as shown with the Comparative Example in Table 1, when pure aluminum sheets of 0.3 mm and
0.4 mm were used as the insert material, which are outside the range of the present invention, the former showed a
separation between the tantalum target and the aluminum insert material, and the latter showed a large amount of
curvature at 4 mm, respectively.
[0037] In addition, when performing diffusion bonding with a nickel sheet and silver sheet having a thickness of 2
mm, regardless of the sufficient thickness, the phenomenon of a separation between the tantalum target and nickel or

Table 1

Type of Insert Material Thickness (mm) of Insert
Material

Amount of Curvature (mm) or
Existence of Separation

Example 1 Pure Aluminum Sheet 0.8 3

Pure Aluminum Sheet 1.0 2.8

Pure Aluminum Sheet 2.0 2.5

Pure Aluminum Sheet 6.0 1.7

Comparative Example 1 Pure Aluminum Sheet 0.3 Separation at Bonding
Boundary

Pure Aluminum Sheet 0.4 4

Nickel Sheet 2.0 Separation at Bonding
Boundary

Silver Sheet 2.0 Separation at Bonding
Boundary
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silver insert material was observed.
[0038] Accordingly, it is clear that the use of an aluminum sheet having a thickness within the range of the present
invention as the insert material is extremely effective.

Example 2

[0039] Tungsten powder was vacuum-pressure sintered with a hot press and thereafter lathe processed to have a
diameter φ of 350 mm and a thickness of 8 mm. A copper zinc alloy was used as the backing plate.
[0040] Pure aluminum (A-1050) sheets respectively 2 mm and 6 mm were used as the insert material, and the
thickness of the backing plate was made to be 19 mm when added with the thickness of the insert material.
[0041] The boundary face where the target, insert material and backing plate are to be diffusion bonded was subject
to ultrasonic cleansing with acetone as the solvent, and thereafter sufficiently cleansed with isopropyl alcohol. The
tungsten target was further sufficiently dried with a vacuum drier.
[0042] After performing the diffusion bonding and removing the iron container with the same method as Example 1,
the amount of curvature was measured with a thickness gauge with the tungsten target placed on top.

Comparative Example 2

[0043] With a method similar to Example 2, an aluminum insert material was inserted between the tungsten target
and the copper zinc alloy backing plate, and the thickness of such aluminum insert was made to be 0.3 mm and 0.4
mm. Moreover, a nickel sheet and a silver sheet having a thickness of 2 mm were also used as other insert materials
and subject to diffusion bonding.
[0044] The amount of curvature was measured with a thickness gauge with the tungsten target placed on top. Further,
the condition of the separation between the tungsten target and aluminum insert material was also observed.
[0045] The results of Example 2 and Comparative Example 2 are shown in Table 2.

[0046] The separation indicated in the Table refers to the separation at the bonding boundary of the tungsten target
and the insert material. A1050 material of the JIS standard was used as the pure aluminum.
[0047] As shown in the Example of foregoing Table 2, when pure aluminum sheets of 2.0 mm and 6.0 mm were used
as the insert material, which are within the range of the present invention, the amount of curvature was 2.6 mm and
1.7 mm, respectively, and both showed a minimal amount of curvature of less than 3 mm. Further, this amount of
curvature showed a tendency of decreasing pursuant to the increase in the thickness of the aluminum sheet.
[0048] Contrarily, as shown with the Comparative Example in Table 2, when pure aluminum sheets of 0.3 mm and
0.4 mm were used as the insert material, which are outside the range of the present invention, the tungsten target
cracked and showed a large amount of curvature at approximately 4 mm.
[0049] In addition, when performing diffusion bonding with a nickel sheet and silver sheet having a thickness of 2
mm, regardless of the sufficient thickness, the phenomenon of a separation between the tungsten target and aluminum
insert material was observed.
[0050] Accordingly, from Example 2 also, it is clear that the use of an aluminum sheet having a thickness within the
range of the present invention as the insert material is extremely effective.

Table 2

Type of Insert Material Thickness (mm) of Insert
Material

Amount of Curvature (mm) or
Existence of Separation

Example 2 Pure Aluminum Sheet 0.8 3.3

Pure Aluminum Sheet 1.0 3.2

Pure Aluminum Sheet 2.0 2.6

Pure Aluminum Sheet 6.0 1.7

Comparative Example 2 Pure Aluminum Sheet 0.3 4.3 (Crack in Target)

Pure Aluminum Sheet 0.4 4. 3 (Crack in Target)

Nickel Sheet 2.0 Separation at Bonding
Boundary

Silver Sheet 2.0 Separation at Bonding
Boundary
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[0051] Moreover, although pure aluminum was used as the insert material in the present Examples, it has been
confirmed that similar results could be obtained with aluminum alloy sheets such as A5052 or the like.

Industrial Applicability

[0052] Obtained is a tantalum or tungsten target-copper alloy backing plate assembly which suffers only a small
deformation after the diffusion bonding even when the target and the backing plate differ greatly in the thermal expansion
coefficient, and which is free from separation between the target and the backing plate or from cracking. Moreover, by
reducing the amount of curvature after the diffusion bonding, the guarantee of the target thickness is facilitated, the
target yield ratio is improved, and the cutting process or correction process after the bonding can be alleviated. A
superior effect is yielded in that a highly reliable target assembly capable of surviving high power sputtering and being
compatible with the enlargement of the target is provided.

FIG. 1

[0053]

1 Target Material
2 Backing Plate Material
3 Insert Material

FIG. 2

[0054]

1 Target Material
4 Amount of Curvature (mm)

Claims

1. (Amended) A tantalum or tungsten target-copper alloy backing plate assembly characterized in that a tantalum
or tungsten target and a copper chrome alloy or copper zinc alloy backing plate are subject to diffusion bonding
via an aluminum or aluminum alloy-sheet insert material having a thickness between 2.0 mm or more and 6.0 mm
or less, and which is provided with diffusion bonded interfaces between the respective materials, wherein the
amount of curvature after the bonding is 3 mm or less.

2. (Amended) A production method of a tantalum or tungsten target-copper alloy backing plate assembly, charac-
terized in that a tantalum or tungsten target and a copper chrome alloy or copper zinc alloy backing plate are
subject to diffusion bonding via an aluminum- or aluminum alloy-sheet insert material having a thickness between
2.0 mm or more and 6.0 mm or less in a vacuum, at a temperature between 400° C and 548° C, and under a
pressure condition of 15 to 20 kg/mm2, wherein the amount of curvature after the bonding is 3 mm or less.

Patentansprüche

1. Kupferlegierung-Rückplattenanordnung mit Tantal- oder Wolfram-Target, dadurch gekennzeichnet, daß ein Tan-
tal- oder Wolfram-Target und eine Kupfer-Chrom-Legierung oder eine Kupfer-Zink-Legierung-Rückplatte einem
Diffusionsbonden über einem Aluminium- oder Aluminiumlegierung-Blatteinlagematerial mit einer Dicke zwischen
2 mm und 6 mm ausgesetzt werden, wobei diffusionsgebondete Schnittstellen zwischen den jeweiligen Materialien
gebildet sind und wobei das Ausmaß einer Krümmung nach dem Bonden 3 mm oder kleiner ist.

2. Herstellunsverfahren einer Kupferlegierung-Rückplattenanordnung mit Tantal- oder Wolfram-Target, dadurch ge-
kennzeichnet, daß das Tantal- oder Wofram-Target und eine Kupfer-Chrom-Legierung- oder Kupfer-Zink-Legie-
rung-Rückplatte über einem Aluminium- oder Aluminiumlegierung-Blatteinlagematerial mit einer Dicke zwischen
2 mm und 6 mm in einem Vakuum einem Diffusionsbonden ausgesetzt werden bei einer Temperatur zwischen
400 °C und 548 °C und bei einer Druckbedingung vom 15 bis 20 kg/m2, wobei der Ausmaß einer Krümmung nach
dem Bonden 3 mm oder kleiner ist.
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Revendications

1. Agencement cible en tungstène ou en tantale - plaque de support en alliage à base de cuivre,
caractérisé en ce qu'une cible en tungstène ou en tantale et une plaque de support en alliage à base de cuivre-
zinc ou en alliage à base de cuivre-chrome sont soumises à une liaison par diffusion par l'intermédiaire d'un
matériau d'insertion en feuille en aluminium ou en alliage à base d'aluminium, ayant une épaiseur entre 2,0 mm
ou plus et 6,0 mm ou moins, et qui est pourvu d'interfaces liées par diffusion entre les matériaux respectifs, dans
lequel la valeur de courbure après la liaison est de 3 mm ou moins.

2. Procédé de fabrication d'un agencement cible en tungstène ou en tantale - plaque de support en alliage à base
de cuivre,
caractérisé en ce qu'une cible en tungstène ou en tantale et une plaque de support en alliage à base de cuivre-
zinc ou en alliage à base de cuivre-chrome sont soumises à une liaison par diffusion par l'intermédiaire d'un
matériau d'insertion en feuille en aluminium ou en alliage à base d'aluminium ayant une épaisseur entre 2,0 mm
ou plus et 6,0 mm ou moins, sous vide, à une température entre 400°C et 548°C et dans des conditions de pression
de 15 à 20 kg/mm2, dans lequel la valeur de courbure après la liaison est de 3 mm ou moins.
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